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Abstract: We have examined the effect of cholera toxin on microtubule assembly in the 
presence of the nucleotide regenerating system. Our results indicate that ADP-ribosylated 
tubulin increases its stability and accelerates its polymerization forming microtubules dec- 


orated with rings of 46nm in diameter. 


INTRODUCTION 


Cholera toxin exerts its effect on cells through ADP-ribosylation of a GTP-binding 
protein, which is a regulatory component of adenylate cyclase?~®. In vitro cholera toxin 
catalyzes the NAD to ADP-ribose and nicotinamide’. It is obvious that the Ai peptide 
of the toxin catalyzes the NAD-dependent ADP-ribosylation of constitutional proteins in 
cell that have no relation to the adenylate cyclase system®’. Hebdon eż al.” noted that 
A: peptide modified 3T3C mouse fibroblast membrane proteins of 45,000 daltons and of 
a doublet of polypeptides around 52,000 daltons. Johnson et al. observed the cholera 
toxin-and NAD-dependent ADP-ribosylation of membrane proteins of 45,000 and a dou- 
blet of 52,000 to 53,000 daltons in wild type S49 mouse lymphoma cells. These results 
suggest that the Ai peptide plays another function in cells via ADP-ribosylation of cell 
components. Although tubulin may comprise as much as 40% of the soluble protein of 
the brain!!, there have been several observations suggesting that tubulin is also asso- 
ciated with the plasma membrane. Analyses of proteins in membrane fractions have 


12)~14) 
? 


provided evidences for the presence of tubulin in synaptic membranes microsomal 


membranes!™®, brain and thyroid membranes!®, and flagellar and cilia membranes’. 
Estridge!® and Zisapel'® suggested that tubulin could be an integral membrane protein 
in the axonal plasma membranes and mammalian synaptic vesicle membranes. Recently 


Kaslow et al. reported that cholera toxin could catalyze ADP-ribosylation of œ, f- 
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tubulin'®. It is interested to note what functional consequences may result from ADP- 
ribosylation of æ, f-tubulin by cholera toxin. From the results mentioned above we 
doubt that cholera toxin exerts its biological effect on cells through the activated adenylate 
cyclase system alone. Thereby, ADP-ribosylation of cytoskeletal proteins and plasma 
membrane proteins might play some important roles for cells. These urged us to inves- 
tigate the ADP-ribosylation of tubulin in detail. In this communication we deal that 


the polymerization of tubulin is accelerated by cholera toxin via ADP-ribosylation. 


MATERIALS AND METHODS 


Materials: Reagent-grade chemicals were purchased from the following sources: 
GTP, DTT, 2-mercaptethanol, and bovine serum albumin from Sigma Chemical Co., 
MES, EGTA, from Nakarai Chemicals Ltd., Cholera toxin from The Chemo-Sero-Ther- 
apeutic Research Institute, NAD, creatine-kinase from Boehringer Manheim GmbH. 

Buffer: The modified reassembly buffer (MRB) of Weisenberg?® composed of 
0.1M MES containing 1mM EGTA, 0.5mM GTP, and 0.5mM MgCle(pH 6.8) were used. 

Methods: Porcine brain tubulin was purified by temperature-dependent cycles of 
assembly-disassembly as described by Shelanski et al. with some modifications. After 
two cycles of polymerization, tubulin pellet was dipersed into MRB without glycerol and 
incubated for 30 min at 35°C. The mixture was centrifuged at 100,000xg for 1hr at 
25°C, and the pellet again dispersed into cold MRB, followed by recentrifugation at 
100,000 x g for 40 min at 4°C. The supernatant obtained was divided into small portions 
and stored at —80°C untill use. ADP-ribosylation of tubulin was assayed by incubating 
the purified protein at lmg/ml and 35°C in MRB with 0.lmM NAD, 50ug/ml DTT- 
treated cholera toxin’, and nucleotide triphosphate regenerating system consisting of 
20mM creatine phosphate and 0.lmg/ml creatine phosphokinase*®”. Polymerization was 
initiated by adding 0.5mM GTP and followed by warming to 35°C in a thermostatically 
controlled cuvette chamber of a Shimadzu UV-240 spectrophotometer. The increase in 
turbidity was monitored at 350nm. When polymerization of the mixture had reached a 
plateau, one drop of sample for electron microscopy was placed on a Formvar-carbon- 
coated grid. All samples were stained negatively with 1% uranyl acetate for 30s, and 
were washed three times with distilled water. The excess water was drained off with 
filter paper. Electron microscopy was performed in a JEM 100 CX at 70kV. 

Gel electrophoresis: SDS-polyacrylamide gel electrophoresis was performed on 9% 
slab gel according to the method of Laemli?® to monitor the purification of tubulin. Protein 


was determined by the method of Lowry et al.?° with bovine serum albumin as a standard. 


RESULTS 


Tubulin purified by 3 cycles of polymerization-depolymerization showed only two 


Lay 


bands indicating a, -tubulin subunits in 
a SDS-gel (data not shown). Effects of 
cholera toxin on polymerization: Spectro- 
photometrical observation ; Fig. 1 shows an 


increase of turbidity due to microtubule 


assembly under two conditions. ADP- 


ribosylation of tubulin in the presence of ka 


nucleotide regenerating system caused the 
turbidity to increase slightly compared 
with that in MRB alone. Electron micro- 


scopic observation ; Assembly in MRB was 


compared to assembly of similar samples 
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in 4M glycerol or after ADP-ribosylation 


by DTT-treated cholera toxin. At low Fig. 1. Effect of ADP-ribosylation on micro- 


magnification, polymerization is acceler- tubule assembly. 
Puri fied-Shelanski-tubulin (1mg/ml) 


ated by ADP-ribosylation compared with 
y y a = was dissolved in MRB. Changes in 


the sample in MRB alone or 4M glycerol 


turbidity of the tubulin solution were 
(Figs. 2a-c). At high magnification, measured at 35°C after the addition 
of 0.5mM GTP (@), and 0.5mM 


GTP containing 0.lmM NAD, 50pg/ 
show twisted forms, but are of normal ml DTT treated cholera toxin and 20 


morphology (Fig. 3a). However in the mM creatine phosphokinase (O). 


Arrows indicate the time when 


microtubules reassembled in MRB alone 


sample reassembled in 4M glycerol (Fig. samples for electron microscopy were 
3b), normal microtubules and another taken. 

forms unrolled in a sheet are also observed 

as reported by Shelanski?”. ADP-ribosylated sample shows a few microtubules of fine 
structure and numerous alternate forms decorated with rings of 46nm in diameter (Fig. 
3c). These alternate forms are distinct from those unrolled in a sheet (Fig. 3b) in 


their width. 


DISCUSSION 


Tubulin seems to be existed not only in cytoplasm and nucleoplasm, but also in 
membrane fractions in eukaryotic cells. The large variety of functions, together with 
transitory assembly of many microtubules, implies the existence of regulatory signals 
which modulate the polymerization of tubulin during differentiation, cell division, and 
cell movement as well as neurotransmission. Understanding the mechanism and control 
of microtubule assembly has been facilitated by the development of conditions for the 
polymerization in vitro and chemical modification of tubulin. Nath and Flavin showed 
tubulin tyrosylation in vivo accompanying differentiation of cultured neuroblastoma 


glioma hybrid cells?®. Vigny et al. reported that tyrosine hydroxylase was able to in- 
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Fig. 2. 


Figure 2-a 


Figure 2-b 


Figure 2-c 


BE: 


Electron microscopic comparison of microtubules reassmbled in MRB alone 
(a), 4M glycerol (b) and ADP-ribosylating system (c). Negative staining. 
Bars indicate 0.54m. Magnification: x10,500. 


Fig. 3. 


Figure 3-a 


Figure 3-b 


Figure 3-c 


Enlarged selected images of reassembled microtubules in MRB alone (a), 
4M glycerol (b), and ADP-ribosylating system (c). Arrowheads indicate 
microtubules unrolled in a sheet. Arrows (Fig. 3c) indicate double-walled 
rings of 46nm in diameter. Bars indicate 0.lum. Magnification: x 52,000. 
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duce purified tubulin assembly like the microbubule associated protein ?”. But in this 
system, the association induced by tyrosine hydroxylase resulted in the formation of aggre- 
gates or organized structure different from microtubules. Hayashi et al.?® and Shimo- 
Oka et al.®® reported that the evidences suggested the direct binding between tubulin 
and myosin showed the different ability of tubulin from that to form microtubules. Feit 
and Shay®” reported that bovine brain tubulin was ressembled into an alternate form 
that resembled membranes rather than microtubules. 

On the other hand, cholera toxin has been used to raise the level of intracellular 
cyclic AMP. The possible role of cyclic AMP in the regulation of cell division is a sub- 
ject of much contraversy. Hollenberg et al. reported that cholera toxin inhibited DNA 
synthesis of human fibroblasts and transformed mouse epithelial cells??3”,. Similar in- 
hibitory effects have been observed with lymphocytes of mice and humans®?~?», In con- 
trast to these observations, treatment with cholera toxin and other procedures to increase 
the cyclic AMP level were reported to stimulate DNA synthesis and cell growth. Such 
stimulatory effects of cholera toxin have been shown with several types of cells includ- 
ing melanoma cells®®, Schwann cells®?, 3T3 cells”, human mammary epithelial cells*®, 
and human microvascular endothelial cells. Green also reported that colonial growth 
of human epidermal cells was enhanced by cholera toxin*”. Kuroki confirmed the result 
of Green *?. Is cyclic AMP a signal for DNA synthesis ? 

We propose that ADP-ribosylation of tubulin in nucleoplasm may be a signal for 
DNA synthesis triggering tubulin polymerization in eukaryotic cells. Our data indicate 
that ADP-ribosylation of tubulin induces many ring forms as observed in electron micro- 
graph (Fig. 3c) and promotes tubulin polymerization. Zabrecky and Cole also reported 
that ATP induced aggregates of double-walled rings (46nm diameter). Some problems 
are left to be settled down. Where is the binding site of ADP-ribose to tubulin ? One 
diamer of a,f-tubulin has two GTP binding sites as named N site and E site. But ac- 
cording to the data by Kaslow et al.!, each of a and 8-tubulin has been ADP-ribosy- 
lated. There may be another a third ADP-ribose binding site. Dose ADP-ribosylation 
of tubulin inhibit the GTPase activity just as dose the GTP binding protein in adenylate 
cyclase system ? We used the porcine brain tubulin as the sample for ADP-ribosyla- 
tion. It may be likely that the integrity of epithelial cell membranes in intestinal tract 
is disturbed by ADP-ribosylation of tubulin in plasma membrane resulting watery diar- 


rhea. 
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a V RAZY ADP- Y E-A IELE Fa 7Y YODER 
LEIE EFSI Cle} KSEE IA RAARD 


KAL ORR Lic Fa - FU YAO2V ARE AE nucleotide regenerating system 
FP CAMBS, WBRZ Lhe. 2 vo ADP-ribosylation WL 95a- 7Y Vite 
RIEL, POA Lieve LEBER LE. EAN TSAR RASS bha 
Edu, 2vVPIEORR ELT, +a- 7Y vO ADP- IRAE bE )BAOKFA 
(EES DIC THREES BLAME SHS. GR HF 2- 7) VEAICL ORR + 
HRA ICL ORR 2 oO LROM RABE HS. 
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